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$PHQG HW DO 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VWUXFWXUHVIRUDVWURQJPHFKDQLFDOLQWHUORFNLQJ7KHUHE\WHQVLOHVKHDUVWUHQJWKVLQWKHUDQJHRIDQG03DHJ
(QJHOPDQQHWDO$PHQGHWDODUHW\SLFDOO\UHDFKHG2QO\DIHZVFLHQWLVWVHJ(QJHOPDQQHWDO
+HFNHUWHWDOUHSRUWHGYDOXHVEHWZHHQDQG03D
3URPLVLQJ VWXGLHVRQQDQRDQGPLFURVWUXFWXULQJRI WKH VXUIDFH IRUKLJKVWUHQJWKK\EULG MRLQWV .XUWRYLFHW DO
.XUWRYLF  DOUHDG\ H[LVW IRU DGKHVLYH ERQGLQJZLWK FKHPLFDOO\ UHDFWLYH DGKHVLYHV+RZHYHU XS WR
QRZ WKHUH LV D ODFNRINQRZOHGJHRIKRZPLFURVWUXFWXUHVJHQHUDWHGE\XOWUDVKRUWSXOVH ODVHU VWUXFWXULQJRIPHWDO
DIIHFWWKHODVHUEDVHGMRLQLQJRIWKHUPRSODVWLFPHWDOK\EULGV7KDWLVZK\LQWKLVSDSHUH[SHULPHQWDOLQYHVWLJDWLRQV
RIODVHUEDVHGKHDWFRQGXFWLRQMRLQLQJZLWKSULRUXOWUDVKRUWSXOVHODVHUVWUXFWXULQJRIVWDLQOHVVVWHHODUHSUHVHQWHG
0DWHULDOVDQGH[SHULPHQWDOVHWXS
2.1. Materials 
)RU WKH H[SHULPHQWV VWDLQOHVV VWHHO  PPÂ PPÂPP DQG XQILOOHG SRO\DPLGH  3$
7(&$0,'PPÂPPÂPPDUHXVHG)RXUSRO\DPLG VSHFLPHQV DUH DQDO\]HGE\.DUO)LVFKHU7LWUDWLRQ
DQG DPHDQPRLVWXUH FRQWHQW RI ZW LV GHWHFWHG 7KH VWDLQOHVV VWHHO KDV D % VXUIDFH ILQLVK WKDW
PHDQVWKDWWKHVKHHWLVFROGUROOHGDQGVXEVHTXHQWO\ILQLVKHGE\DQQHDOLQJHWFKLQJDQGFROGUHUROOLQJ7RUHPRYH
FRQWDPLQDQWV IURPWKHVXUIDFHPHWDO VDPSOHVDUHFOHDQHG LQDQXOWUDVRQLFZDWHUEDWKDQGZLWKDFHWRQH7KH3$
VSHFLPHQVDUHVROHO\FOHDQHGZLWKDFHWRQHEHFDXVHSRO\DPLGHLVK\JURVFRSLF
2.2. Laser structuring 
7KH VWDLQOHVV VWHHO LV VWUXFWXUHG ZLWK DQ XOWUDVKRUW SXOVH ODVHU ZLWK WKH SXOVH GXUDWLRQ WS SV DQG WKH
ZDYHOHQJWK Ȝ QP )RU WKH H[SHULPHQWV D UHSHWLWLRQ UDWH RI I3 N+] DQG D EHDP GLDPHWHU RI DERXW
G PDUHXVHG)XUWKHUUHOHYDQWODVHUVWUXFWXULQJSDUDPHWHUVDUHVKRZQLQ7DE7KHGHIOHFWLRQRIWKHJDXVVLDQ
EHDPLVUHDOL]HGE\DJDOYDQRVFDQQHUDQGDIWKHWDREMHFWLYHZLWKI PP7KHSUHWUHDWPHQWLVSHUIRUPHGWR
LQYHVWLJDWH KRZ PLFURVWUXFWXUHV JHQHUDWHG E\ XOWUDVKRUW SXOVH ODVHU VWUXFWXULQJ DIIHFW WKH ODVHUEDVHG MRLQLQJ RI
WKHUPRSODVWLFPHWDOK\EULGV7KHUHE\WKHLQIOXHQFHRIVWUXFWXUHZLGWKDQGVWUXFWXUHDUUDQJHPHQWDVZHOODVVXUIDFH
URXJKQHVVDQGVXUIDFHHQODUJHPHQWDUHDQDO\]HG7KHODVHUSDUDPHWHUVDUHFKRVHQEDVHGRQSUHOLPLQDU\H[SHULPHQWV
VRWKDWDVPRRWKVWUXFWXUH$DQGDURXJKVWUXFWXUH%ZLWKDVLJQLILFDQWO\LQFUHDVHGVXUIDFHDUHDDUHSURGXFHG$OO
H[SHULPHQWVDUHFDUULHGRXWLQDLUXQGHUDPELHQWSUHVVXUH
7DEOH/DVHUVWUXFWXULQJSDUDPHWHUV
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2.3. Laser-based joining 
,Q WKLV SDSHU DQ H[SHULPHQWDO VHWXS FRQVLVWLQJ RI D GLVN ODVHU Ȝ QP D VFDQQHU RSWLF DQG D FODPSLQJ
GHYLFHIRUODSMRLQWDUHXVHGWRMRLQWKHUPRSODVWLFPHWDOK\EULGV'XULQJWKHMRLQLQJWKHYHORFLW\LVYDULHGEHWZHHQ
DQGPPVZKHUHDVWKHODVHUSRZHU3 :DQGWKHEHDPGLDPHWHUG PPDUHNHSWFRQVWDQW)RUWKH
MRLQLQJ SURFHVV WKH VSHFLPHQV DUH IL[HG LQ RYHUODS FRQILJXUDWLRQ FRQWDFW DUHD $F PP E\ PHDQV RI D
FODPSLQJGHYLFHDQGMRLQHGXQGHUSUHVVXUHSMRLQ 03D)RUWKLVMRLQLQJWHFKQLTXHQRDGKHVLYHLVQHHGHGDQGWKH
DGKHVLRQ EHWZHHQ WKH GLVVLPLODU PDWHULDOV LV EDVHG RQ D GLUHFW WKHUPDOLQGXFHG SK\VLFDOO\ ERQGLQJ RI WKH
WKHUPRSODVWLFSDUW WR WKHPHWDOOLFVXUIDFH'XULQJ WKH ODVHUEDVHGMRLQLQJRI WKHUPRSODVWLFPHWDOK\EULGV WKH ODVHU
UDGLDWLRQLVDEVRUEHGE\WKHVWDLQOHVVVWHHOVXUIDFHZKLFKOHDGVWRDQLQFUHDVHRIWKHPDWHULDOWHPSHUDWXUH3RVLWLRQHG
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EHORZWKHPHWDOWKHWKHUPRSODVWLFPHOWVDVDUHVXOWRIKHDWWUDQVIHU7KHWKHUPRSODVWLFPHOWZHWVWKHPHWDOVXUIDFH
ZKLFKLVVROHO\FOHDQHGRUODVHUVWUXFWXUHG$IWHUFRROLQJWKHGLVVLPLODUPDWHULDOVDUHMRLQHGWRJHWKHU
2.4. Surface analysis and testing of joined polyamide steel hybrids 
7KHPDFKLQHGVXUIDFHVDUHWRSRJUDSKLFDOO\DQDO\]HGE\ODVHUVFDQQLQJPLFURVFRS\/60ZKHUHE\WKHDYHUDJH
PHDQURXJKQHVV6DDDFFRUGLQJWR',1(1,62DQGWKHVXUIDFHHQODUJHPHQW6(DUHPHDVXUHG7RGHWHUPLQH
WKHLQFUHDVHLQVXUIDFHDUHDWKHUHLVQRVWDQGDUGL]HGSURFHGXUH)RUWKLVZRUNWKH/60LPDJHVRIWKHVXUIDFHVDUH
WDNHQZLWKDPDJQLILFDWLRQRIZKHUHE\WKHUHDOVXUIDFHDUHDVDUHPHDVXUHG$IWHUZDUGVWKHVXUIDFHHQODUJHPHQW
6(FDQWKHQEHGHWHUPLQHGIURPWKHUDWLRRIPHDVXUHGVXUIDFHDQGWKHJHRPHWULFLGHDOVXUIDFH
7KHMRLQHGVSHFLPHQVDUHYLVXDOO\FKDUDFWHUL]HGE\PHDQVRIDGHVNVFDQQHUDQGVXEVHTXHQWLPDJHSURFHVVLQJWR
DQDO\]HWKHZHWWLQJDUHD$Z$IWHUWKDWWKHEUHDNLQJIRUFH)EUHDNRIWKHK\EULGLVDQDO\]HGE\WHQVLOHVKHDUWHVW%DVHG
RQWKHVHH[SHULPHQWVWKHWHQVLOHVKHDUVWUHQJWKĲLVFDOFXODWHGE\WKHTXRWLHQWRIPHDVXUHGEUHDNLQJIRUFH)EUHDNDQG
PHDVXUHGZHWWLQJDUHD$Z)LQDOO\WKHIUDFWXUHEHKDYLRULVDQDO\]HGE\VFDQQLQJHOHFWURQPLFURVFRSH6(0LPDJHV
DQGHQHUJ\GLVSHUVLYH;UD\VSHFWURVFRS\(';PDSSLQJ
5HVXOWVDQGGLVFXVVLRQ
3.1. Influence of laser structuring on the surface topography 
,Q)LJ WKH DYHUDJHPHDQ URXJKQHVV 6D DQG WKH VXUIDFH HQODUJHPHQW 6( DVZHOO DV WRSYLHZ6(0 LPDJHV RI
XQWUHDWHGDQGXOWUDVKRUWSXOVHODVHUVWUXFWXUHGVWDLQOHVVVWHHOVXUIDFHVDUHVKRZQ,WFDQEHVWDWHGWKDWWKHXQWUHDWHG
DQG WKH VXUIDFH ZLWK VWUXFWXUH $ KDYH D VPRRWK VXUIDFH ZKHUHDV WKH VXUIDFH ZLWK VWUXFWXUH % LV URXJK DQG
VLJQLILFDQWO\HQODUJHGE\WKHODVHUVWUXFWXULQJSURFHVV,WDOVRFDQEHVHHQWKDWWKHVXUIDFHWRSRJUDSK\VHH)LJE
KDV FKDQJHG IURP D FKDUDFWHULVWLF % ILQLVKHG VWDLQOHVV VWHHO VXUIDFH WR D VXUIDFH FRQVLVWLQJ RI PLFURFRQHV DQG
QDQRULSSOHVVHH/LXHWDO


)LJD$YHUDJHPHDQURXJKQHVV6DDQGVXUIDFHHQODUJHPHQW6(IRUXQWUHDWHGDQGXOWUDVKRUWSXOVHODVHUVWUXFWXUHGVWDLQOHVVVWHHOE6(0
LPDJHVRIXQWUHDWHGDQGXOWUDVKRUWSXOVHODVHUVWUXFWXUHGVWDLQOHVVVWHHO
3.2. Influence of structure width and its arrangement 
)LUVWRIDOOWKHLQIOXHQFHVRIVWUXFWXUHZLGWKDQGLWVDUUDQJHPHQWRQWKHWHQVLOHVKHDUVWUHQJWKVRIWKHK\EULGVDUH
LQYHVWLJDWHG7KHUHIRUHVDPSOHVDUHJHQHUDWHGZLWKVWUXFWXUH%ZKHUHE\WKHVWUXFWXUHZLGWKLVYDULHGEHWZHHQ
DQG PP $IWHU WKDW DOO VSHFLPHQV DUH MRLQHG ZLWK 3$ XVLQJ WKH SDUDPHWHUV 3 : Y PPV
G PPVHH)LJDDQGDUHPHFKDQLFDOO\ WHVWHGE\ WHQVLOH VKHDU WHVWV$V UHIHUHQFHXQWUHDWHGVSHFLPHQVDUH
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MRLQHGDQGWHVWHGWRR7KHUHVXOWVRIWKHWHQVLOHVKHDUWHVWVDUHVKRZQLQ)LJE,WKDVWREHPHQWLRQHGWKDWWKH
ZHWWLQJZLGWKZVHH)LJDIRUWKHXVHGMRLQLQJSDUDPHWHULVDERXWPPVRWKDWDOOFUHDWHGVWUXFWXUHZLGWKVV
DUHZHWWHG E\SRO\PHUPHOW GXULQJ ODVHUEDVHG MRLQLQJ+RZHYHU VXUIDFH DUHDVZKLFK DUH GLUHFWO\ ERQGHG WR WKH
XQWUHDWHGVWDLQOHVVVWHHOH[LVWWRR7KHGLVWULEXWLRQRIERQGLQJWRDQXQWUHDWHGRUDODVHUVWUXFWXUHGVXUIDFHGHSHQGV
RQ WKH XVHG VWUXFWXUHZLGWK$FFRUGLQJ WR )LJE LW FDQ FOHDUO\ VWDWHG WKDWZLWK LQFUHDVLQJ VWUXFWXUHZLGWK DQG
FRQVWDQWZHWWLQJZLGWK WKH WHQVLOHVKHDUVWUHQJWKQHDUO\ OLQHDUO\ LQFUHDVHV7KH WHQVLOHVKHDUVWUHQJWK LVPRUH WKHQ
TXDGUXSOHGIRUDVWUXFWXUHZLGWKVRIPPLQFRQWUDVWWRVROHO\FOHDQHGVSHFLPHQV7RDFKLHYHDYHU\KLJKWHQVLOH
VKHDUVWUHQJWKIRUWKHIROORZLQJH[SHULPHQWVRQO\VWUXFWXUHZLGWKV PPLVXVHG


)LJD6FKHPDWLFLOOXVWUDWLRQRIH[SHULPHQWDOVHWXSIRUODVHUMRLQLQJRIWKHVSHFLPHQVXVHGIRUWHQVLOHVKHDUWHVWV
E7HQVLOHVKHDUVWUHQJWKĲIRUODVHUEDVHGMRLQHGK\EULGVZLWKXOWUDVKRUWSXOVHODVHUVWUXFWXUHGVWDLQOHVVVWHHOZLWKYDULHGVWUXFWXUHZLGWKV

,QWKHQH[WVWHSWKHVWUXFWXUHDUUDQJHPHQWLVDQDO\]HG7KHUHE\WKHVXPRIVWUXFWXUHZLGWKV LVNHSWFRQVWDQW
DQGRQO\WKHDUUDQJHPHQWLVYDULHG7KHUHIRUHWKHIROORZLQJVWUXFWXUHDUUDQJHPHQWVDUHUHDOL]HGDQGMRLQHGZLWKWKH
SDUDPHWHUV3 :Y PPVG PPD ÂPPD ÂPPDQGD ÂPPVHH)LJD
,WFDQEHVWDWHGWKDWWKHVWUXFWXUHDUUDQJHPHQWDKDVQRPHDVXUDEOHLPSDFWRQWKHWHQVLOHVKHDUVWUHQJWKLIWKHVXPRI
VWUXFWXUHZLGWKLVHTXDO,WGRHVQRWPDWWHUZKHWKHUWKHUHLVRQHVWUXFWXUHGDUHDZLWKDVWUXFWXUHZLGWKRIV PP
D  ÂPP RU VHYHUDO VWUXFWXUHG DUHDV RI YDULRXV ZLGWKV VHH )LJD D ÂPP D ÂPP
)XUWKHUPRUH WKH H[SHULPHQWV VKRZ WKDW WKH WHQVLOH VKHDU VWUHQJWK GHSHQGV RQ WKH VXUIDFH VWUXFWXUH W\SH 6ROH\
FOHDQHG PHWDOOLF VDPSOHV WKDW DUH MRLQHG ZLWK WKH SDUDPHWHUV 3 : Y PPV G PP WR 3$ UHDFK
WHQVLOHVKHDUVWUHQJWKVRIMXVWEHORZ03DVHH)LJEDQGE6SHFLPHQVWKDWDUHSUHWUHDWHGZLWKDXOWUDVKRUW
SXOVHODVHUDQGMRLQHGZLWKFRPSDUDEOHSDUDPHWHUVDFKLHYHYDOXHVRIWR03DIRUVWUXFWXUH$DQGWR03D
IRUVWUXFWXUH%7KHLQIOXHQFHRIWKHVXUIDFHVWUXFWXUHW\SHRIWKHPHWDORQWKHK\EULGMRLQWSURSHUW\LVGLVFXVVHGLQ
GHWDLOLQWKHQH[WVHFWLRQ


)LJD6FKHPDWLFLOOXVWUDWLRQRIH[SHULPHQWDOVHWXSIRUMRLQLQJWKHVSHFLPHQVXVHGIRUWHQVLOHVKHDUWHVWV
E7HQVLOHVKHDUVWUHQJWKĲIRUODVHUEDVHGMRLQHGK\EULGVK\EULGVZLWKXOWUDVKRUWSXOVHODVHUVWUXFWXUHGVWDLQOHVVVWHHOZKHUHE\WKHVWUXFWXUH
DUUDQJHPHQWLVYDULHGIRUVWUXFWXUH$DQG%DQGWKHUHVXOWVDUHFRPSDUHGWRWKHWHQVLOHVKHDUVWUHQJWKRIK\EULGVZLWKXQWUHDWHGPHWDOV

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3.3. Influence of structure type and joining parameters 
7HFKQLFDOVXUIDFHVDUHQRWLGHDOVXUIDFHVDQGKDYHDFKDUDFWHULVWLVFWRSRJUDSK\DQGPRUSKRORJ\7KHWRSRJUDSK\
GHVFULEHV WKH VXUIDFH IURPD SXUHO\JHRPHWULFDO SRLQW RIYLHZZKHUHDV WKHPRUSKRORJ\ WDNHV WKH FKHPLFDO OD\HU
FRQVWLWXWLRQLQWRDFFRXQW,QWKLVSDSHUDXVWHQWLFVWDLQOHVVVWHHOZLWKDW\SLFDOFKURPLXPFRQWHQWRIDERXW
ZW LV XVHG 7KH FKURPLXP FRQWDLQHG LQ VWDLQOHVV VWHHO LV PDLQO\ UHVSRQVLEOH IRU FRUURVLRQ UHVLVWDQFH
&KURPLXPR[LGL]HVIDVWHUWKDQLURQDQGLWIRUPVDFORVHGQDQRVFDOHR[LGHOD\HURQWKHVWHHOVXUIDFH+HQNHOHWDO
 7KH RXWHU OD\HU RI WKH SDVVLYH OD\HU FRQVLVWV RI K\GUR[LGHV 2+ DQG R[\KUR[LGHV 22+ RI LURQ DQG
FKURPLXP6FKPXFNLHWDO
$OWKRXJK QXPHURXV VWXGLHV KDYH EHHQ FRQGXFWHG WR GHWHUPLQH WKH IXQGDPHQWDO UHDVRQV IRU DGKHVLRQ EHWZHHQ
LQWHUIDFHVXQWLOWRGD\WKHH[DFWFDXVHVDUHVWLOOQRWFODULILHG+DEHQLFKW,QUHVSHFWWRWKHLQYHVWLJDWLRQIRU
MRLQLQJSRO\DPLGHVWHHOK\EULGV WKHDXWKRUVDVVXPHEDVHGRQOLWHUDWXUHVHH%LVFKRIHWDO WKDWPHFKDQLFDO
DQGVSHFLILFDGKHVLRQSOD\DQLPSRUWDQWUROH(VSHFLDOO\GLSROHLQWHUDFWLRQVK\GURJHQERQGVDQGGLVSHUVLRQIRUFHV
WKDWFDQEHIRUPHGEHWZHHQWKHDPLQR1+PHWK\O&+DQGFDUERQ\O&2JURXSVRISRO\DPLGHDQGWKHR[\JHQ
FRQWDLQLQJ LQWHUIDFH R[LGH R[\K\GUR[LGH RI WKH VWDLQOHVV VWHHO DSSHDU WR LQGXFH DGKHVLRQ 0RUHRYHU VRPH
DXWKRUVUHSRUWWKDWFKHPLVRUSWLRQEHWZHHQPHWDODQGSODVWLFFDQWDNHSODFH
)URPWKLVYLHZSRLQWLWLVLPSRUWDQWWRWDNHLQWRDFFRXQWWKDWDODVHUVXUIDFHSUHWUHDWPHQWLQHYLWDEO\FKDQJHVWKH
VXUIDFH WRSRJUDSK\ DV ZHOO DV WKH VXUIDFH PRUSKRORJ\ 7KH FKDQJH LQ WKH VXUIDFH PRUSKRORJ\ LV GHWHUPLQHG
SULPDULO\E\R[LGDWLRQSURFHVVHV$GDPVHWDOZKHUHE\DPRQJRWKHUV&U2DQG)H2DUHIRUPHG&XLHW
DO 7KH VXUIDFH WRSRJUDSK\FDQEHPRGLILHG LQYDULRXVZD\V ,Q WKLVSDSHU WZR ODVHU VWUXFWXUHG VXUIDFHV
W\SHVDUHFRQVLGHUHGZKLFKGLIIHULQVXUIDFHURXJKQHVVDQGVXUIDFHDUHDVHH)LJDDQGE7KHVPRRWKVXUIDFH
VWUXFWXUH$ZKLFKKDVDORZDYHUDJHPHDQURXJKQHVV6DRIPLVJHQHUDWHGE\PXOWLSOHVFDQQLQJQV RI
WKH VXUIDFH ZLWK D KLJK VFDQQLQJ YHORFLW\ YV  PPV DQG D UHODWLYHO\ KLJK SXOVH HQHUJ\ (S   -
IXUWKHUSDUDPHWHUV VHH7DE$FFRUGLQJ WR WKH/60PHDVXUHPHQWV WKH VXUIDFHDUHD LVDOPRVWQRW LQFUHDVHG LQ
FRPSDULVRQ WR WKH UHIHUHQFHPDWHULDO+RZHYHU LQ WKH6(0 LPDJH VHH)LJE VWUXFWXUH$ D SHULRGLF SRURXV
WH[WXUHFDQEHVHHQZKLFKPLJKWLQGLFDWHQDQRULSSOHVDQGPD\LPSURYHDGKHVLRQ7KHURXJKVXUIDFHVWUXFWXUH%
ZKLFKLVJHQHUDWHGE\DVLQJOHSDVVQV ZLWKDORZVFDQYHORFLW\YV PPVDQGDPRGHUDWHSXOVHHQHUJ\(S
 -KDVDQDYHUDJHPHDQVXUIDFH6DPDQGLWVVXUIDFHLVHQODUJHGE\WKHIDFWRURI7KHHQODUJHPHQW
RIWKHVXUIDFHFDQEHH[SODLQHGSULPDULO\E\WKHODVHULQGXFHGIRUPDWLRQRIPLFURFRQHVVHH)LJEVWUXFWXUH%
,QFRQWUDVW WR WKHSUHOLPLQHU\ MRLQLQJH[SHULPHQWV IRU WKHVH LQYHVWLJDWLRQV WKH MRLQLQJYHORFLW\ LVYDULHG LQ WKH
UDQJHRIDQGPPVWRFRQVLGHUWKHHIIHFWRIHQHUJ\LQSXWDQGWKHGLUHFWO\UHODWHGERQGLQJWHPSHUDWXUHRQWKH
PHFKDQLFDOSURSHUWLHVRIWKHMRLQW)LUVWRIDOOLWFDQEHQRWHGWKDWWKHWHQVLOHVKHDUVWUHQJWKGHSHQGVVLJQLILFDQWO\RQ
VXUIDFHSUHWUHDPHQW3ULRU WRIXUWKHUGLVFXVVLRQ LWPXVWEHSRLQWHGRXWRQFHDJDLQ WKDW WKHVWUXFWXUHZLGWK LVNHSW
FRQVWDQW HYHQ LI GLIIHUHQW MRLQLQJ YHORFLWLHV DUH XVHG ZKLFK OHDG WR GLIIHUHQW ZHWWLQJ ZLGWKV VHH )LJD
7KHUHIRUH WKH SHUFHQWDJH RI ZHWWLQJ DUHD $Z ZKLFK LV XQWUHDWHG LQFUHDVHV ZLWK GHFUHDVLQJ MRLQLQJ YHORFLW\
$OWKRXJKDOPRVWWKHHQWLUHZHWWLQJDUHD$ZMRLQHGE\WKHSDUDPHWHUV3 :G PPY PPVLVODVHU
VWUXFWXUHGWKHKLJKHVWWHQVLOHVKHDUVWUHQJWKLVUHDFKHGIRUWKHYHORFLW\Y PPV7KLVFDQEHH[SODLQHGE\WKH
IDFW WKDW D KLJKHU ERQGLQJ WHPSHUDWXUH LQ WKH LQWHUIDFH EHWZHHQ WKHUPRSODVWLF DQG PHWDO UHVSHFWLYHO\ D ORQJHU
ZHWWLQJ WLPHDUHDFKLHYHG IRU D ORZHU MRLQLQJYHORFLWLHV)XUWKHU LQIRUPDWLRQDERXW WKHSURFHVVVWUXFWXUHSURSHUW\
UHODWLRQVKLS RI ODVHUMRLQHG WKHUPRSODVWLF PHWDO K\EULGV FDQ EH IRXQG E\ $PHQG HW DO  7KH GHFUHDVH LQ
WHQVLOHVKHDUVWUHQJWKIRUDMRLQLQJYHORFLW\RIPPVFDQEHDWWULEXWHGWRWKHLQFUHDVLQJSHUFHQWDJHRIXQVWUXFWXUHG
VXUIDFH7KXVLWFDQQRWEHDQVZHUHGZKLFKDUH WKHILQDORSWLPXPMRLQLQJSDUDPHWHUV+RZHYHU LWFDQEHFOHDUO\
VHHQWKDWWKHXQWUHDWHGVXUIDFHDOZD\VKDVWKHORZHVWDGKHVLRQ
5HJDUGLQJ WKH WHQVLOH VKHDU VWUHQJWKVZKLFKDUHDFKLHYHG LQ ODVHUEDVHG MRLQLQJRI WKHUPRSODVWLFPHWDOK\EULGV
ZLWKDSULRUODVHUVXUIDFHHQODUJHPHQWRIWKHPHWDOOLFMRLQLQJSDUWQHUXVLQJDFRQWLQXRXVZDYHILEHUODVHURUDSXOVHG
QDQRVHFRQGODVHUWKHWHQVLOHVKHDUVWUHQJWKVĲDUHVXEGLYLGHGLQWRVWURQJMRLQWVĲVWURQJ 03DDQGH[WUHPH
VWURQJ MRLQWV ĲH[WUHPHVWURQJ 03D VHH)LJE ,W WXUQVRXW WKDW WKH VPRRWKVWUXFWXUH$UHDFKYDOXHV MXVW
EHORZRUDERYHWKHOLPLWIRUVWURQJMRLQWVZKHUHDVWKHURXJKVXUIDFH%DOZD\VDWOHDVWUHDFKYDOXHVDERYHWKLVOLPLW
(YHQH[WUHPHVWURQJMRLQWVZLWKWHQVLOHVKHDUVWUHQJWKXSWR03DDUHREWDLQHGIRUVWUXFWXUH%VHH)LJE

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
)LJD6FKHPDWLFLOOXVWUDWLRQRIH[SHULPHQWDOVHWXSIRUMRLQLQJWKHVSHFLPHQVXVHGIRUWHQVLOHVKHDUWHVWV
E7HQVLOHVKHDUVWUHQJWKĲIRUODVHUEDVHGMRLQHGK\EULGVK\EULGVZLWKXOWUDVKRUWSXOVHODVHUVWUXFWXUHGVWDLQOHVVVWHHOZKHUE\WKHVWUXFWXUHZLGWK
LVPPDQGWKHZHWWLQJZLGWKZLVYDULHGEDVHGRQWKHMRLQLQJYHORFLW\IRUVWUXFWXUH$DQG%7KHUHVXOWVDUHFRPSDUHGWRWHQVLOHVKHDU
VWUHQJWKVRIK\EULGVZLWKXQWUHDWHGPHWDOV

7KHDQDO\VLVRIIUDFWXUHEHKDYLRUJLYHVIXUWKHULQIRUPDWLRQVRQWKHDGKHVLRQEHWZHHQ3$DQGVWDLQOHVVVWHHO,Q
)LJDVFKHPDWLFLOOXVWUDWLRQRIWKHIUDFWXUHDQDO\VLVLVVKRZQ7KHDQDO\]HGVDPSOHKDVWZRODVHUVWUXFWXUHGDUHDV
VWUXFWXUH $ DQG % VHH )LJD DQG E DQG LV MRLQHG ZLWK WKH ODVHU SDUDPHWHUV 3 : Y PPV
G PP 7KH ZHWWLQJ DUHD $Z UHVSHFWLYHO\ WKH ZHWWLQJ ZLGWK Z DUH DOVR VKRZQ VFKHPDWLFDOO\ LQ )LJ ,Q
DGGLWLRQ WZRDUHDVDUHPDUNHGZKHUH6(0LPDJHVDUH WDNHQ)RU DEHWWHUXQGHUVWDQGLQJRI WKH IUDFWXUHEHKDYLRU
('; PDSSLQJV RI VHOHFWHG DUHDV DUH SHUIRUPHG WR GHWHUPLQH WKH HOHPHQWDO FRPSRVLWLRQ RI WKH VXUIDFH WRR
7KHUHIRUHLWPXVWEHPHQWLRQHGWKDW3$FRQVLVWVRIZWFDUERQ%HFNHUHWDOVRWKDWWKHHOHPHQW
FDUERQUHSUHVHQWV3$LQ(';PDSSLQJLPDJHVVHH)LJDDQGE7KHDQDO\VLVRIWKHVXUIDFH$VKRZVWKDW
WKHUHLVDQDGKHVLYHIDLOXUHLQWKHMRLQLQJ]RQHDQGDOPRVWQR3$UHPDLQVRQWKHPHWDOOLFVXUIDFH7KHUHDUHRQO\
VRPHUHVLGXHVRQWKHHGJHRIWKHMRLQLQJ]RQHVHH)LJD(';PDSSLQJ'XHWRWKHIDFWWKDWWKHWHQVLOHVKHDU
VWUHQJWKLVVLJQLILFDQWO\LQFUHDVHGIRUVWUXFWXUH$LQFRQWUDVWWRVROHO\FOHDQVSHFLPHVZLWKDOPRVWWKHVDPHDYHUDJH
PHDQ URXJKQHVV 6D DQG VXUIDFH HQODUJHPHQW 6( LW LV EHOLHYHG WKDW WKH LPSURYHG DGKHVLRQ LV FDXVHG E\ WKH ODVHU
LQGXFHGR[LGDWLRQRIWKHVXUIDFHDVZHOODVWKHSHULRGLFSRURXVWH[WXUHVVHH)LJEVWUXFWXUH$7KHR[LGDWLRQRI
WKHVXUIDFHSURPRWHVLDWKHIRUPDWLRQRIDGGLWLRQDOK\GURJHQERQGVDQGGLVSHUVLRQIRUFHVEHWZHHQ3$DQGVWHHO
ZKHUHDVWKHSRURXVVXUIDFHWH[WXUHOHDGVWRDPHFKDQLFDOLQWHUORFNLQJ7KHR[LGDWLRQDQGPLFURFRQHVRIVWUXFWXUH%
JHQHUDWHG H[WUHPH VWURQJ MRLQWV 7KH IUDFWXUH DQDO\VLV IRU VWUXFWXUH % VKRZV WKDW D FRKHVLYH IDLOXUH RI WKH
WKHUPRSODVWLFPDWHULDO RFFXUV VHH)LJE7KLVPHDQV WKDW DPDWHULDOUHODWHGPD[LPXP IRU WKH MRLQWEHWZHHQ
3$DQGVWDLQOHVVVWHHOLVUHDFKHGE\XOWUDVKRUWSXOVHODVHUVWUXFWXULQJRIVWDLQOHVVVWHHO


)LJ)UDFWXUHDQDO\VLVRIDPHFKDQLFDOO\WHVWHGVSHFLPHQXVLQJ6(0LPDJHVDQG(';PDSSLQJVIRUVWUXFWXUH$VHHDDQG%VHHE
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6XPPDU\DQGRXWORRN
,Q WKLV SDSHU WKH HIIHFW RI XOWUDVKRUW SXOVH ODVHU VWUXFWXULQJ RI VWDLQOHVV VWHHO RQ ODVHUEDVHG KHDW FRQGXFWLRQ
MRLQLQJRISRO\DPLGHVWHHOK\EULGVLVLQYHVWLJDWHG7KHUHIRUHH[SHULPHQWVZLWKYDULHGVWUXFWXUHZLGWKDUUDQJHPHQW
DQGW\SHDUHFRQGXFWHG7KHVWUXFWXUHZLGWKDVZHOODVWKHUDWLRRIVWUXFWXUHZLGWKDQGZHWWLQJZLGWKVLJQLILFDQWO\
LQIOXHQFHVWKHWHQVLOHVKHDUVWUHQJWKZKHUHE\WKHVWUXFWXUHDUUDQJHPHQWKDVQRLPSDFWRQWKHPHFKDQLFDOSURSHUW\RI
WKHMRLQWLIWKHVXPRIVWUXFWXUHZLGWKLVHTXDO$FFRUGLQJWRH[SHULPHQWVLWFDQFOHDUO\VWDWHGWKDWWKHWHQVLOHVKHDU
VWUHQJWKGLUHFWO\GHSHQGVRQWKHVXUIDFHVWUXFWXUHW\SH,WLVDVVXPHQGWKDWMRLQLQJRI3$WRVWDLQOHVVVWHHOLVFDXVHG
E\VSHFLILFDQGPHFKDQLFDODGKHVLRQ7KHFRQGXFWHGH[SHULPHQWVGHPRQVWUDWHWKDWWKHVXUIDFHWUHDWPHQWRIVWDLQOHVV
VWHHOZLWKDQXOWUDVKRUWSXOVHODVHUOHDGVWRVWURQJDQGH[WUHPHVWURQJK\ULGMRLQWVXSWRDFRKHVLYHIDLOXUHLQWKHEDVH
PDWHULDORIWKHSRO\DPLGH,WLVFRQFOXGHGWKDWWKHLPSURYHPHQWLQDGKHVLRQFDQEHDWWULEXWHGWRWKHR[LGDWLRQRI
WKHVXUIDFHWKDWHQDEOHVIXUWKHUIRUPDWLRQRIDGKHVLRQIRUFHVHJGLSROHLQWHUDFWLRQVK\GURJHQERQGVDQGGLVSHUVLRQ
IRUFHVDQGWKHSRURXVVXUIDFHVWUXFWXUHVZLWKPLFURFRQHVWKDW OHDGWRDPHFKDQLFDOLQWHUORFNLQJ,QIXWXUHIXUWKHU
LQYHVWLJDWLRQVKDYH WREHGRQH WRXQGHUVWDQG WKH IRUPDWLRQPHFKDQLVPRI WKHPLFUR DQGQDQRVFDOH WRSRJUDSKLHV
ZKLFK OHDG WR D VXUIDFH HQODUJHPHQW 6( (YDOXDWLRQ RI WKH ODVHULQGXFHG R[LGDWLRQ DQG LWV HIIHFW RQ HOHPHQW
GLVWULEXWLRQDWWKHPHWDOOLFLQWHUIDFHLQGHSHQGHQF\RIODVHUSDUDPHWHUDQGHQYLURQPHQWDOFRQGLWLRQVZLOOVKRZWKH
LQIOXHQFH RI WKHPRUSKRORJ\ RQ WKH SRO\DPLGH VWHHO K\EULGV 7KHUHE\ HVSHFLDOO\ WKH LQIOXHQFH RI DPELHQW DLU LQ
FRQWUDVWWRSXUHR[\JHQDWPRVSKHUHRURWKHUSURFHVVJDVHVVKRXOGEHFRQVLGHUHG
$FNQRZOHGJHPHQWV
7KLVZRUNZDV SDUWLDOO\ IXQGHG E\ WKH%DYDULDQ 6WDWH0LQLVWU\ RI (FRQRPLF$IIDLUV DQG0HGLD (QHUJ\ DQG
7HFKQRORJ\7KHDXWKRUVDUHJUDWHIXOIRUWKHVXSSRUW
5HIHUHQFHV
$GDPV'3+RGJHV9&+LUVFKIHOG'$5RGULJXH]0$0F'RQDOG-3.RWXOD3*1DQRVHFRQGSXOVHGODVHULUUDGLDWLRQRI
VWDLQOHVVVWHHO/2[LGHJURZWKDQGHIIHFWVRQXQGHUO\LQJPHWDO6XUIDFHDQG&RDWLQJV7HFKQRORJ\9RO
$PHQG33ILQGHO66FKPLGW07KHUPDOMRLQLQJRIWKHUPRSODVWLFPHWDOK\EULGVE\PHDQVRIPRQRDQGSRO\FKURPDWLFUDGLDWLRQ
3K\VLFV3URFHGLD9ROSS
$PHQG3+HQWVFKHO20DFKXL-6FKHLWOHU&5RWK66FKPLGW0(IIHFWRIVXUIDFHVWUXFWXUHVRQODVHUEDVHGMRLQLQJRI
WKHUPRSODVWLFPHWDOK\EULGV,Q3URFHHGLQJVRI/$03.LWDN\XVKX)XNXRND-DSDQ
$PHQG30DOOPDQQ*5RWK66FKPLWW56FKPLGW03URFHVVVWUXFWXUHSURSHUW\UHODWLRQVKLSRIODVHUMRLQHGWKHUPRSODVWLFPHWDO
K\EULGV-/DVHU$SSO9RO1R
%HFNHU*:%UDXQ'%RWWHQEUXFK/%LQVDFN53RO\DPLGH.XQVWVWRII+DQGEXFK7HFKQLVFKH7KHUPRSODVWH+DQVHU
%LVFKRI&3RVVDUW:$GKlVLRQ7KHRUHWLVFKHXQGH[SHULPHQWHOOH*UXQGODJHQ$NDGHPLH9HUODJ
&XL<&&XL;*5HQ;'4L0-+X-':DQJ<06XUIDFHR[LGDWLRQSKHQRPHQRQDQGPHFKDQLVPRI$,6,VWDLQOHVV
VWHHOLQGXFHGE\1G<$*SXOVHGODVHU$SSO6XUI6F9RO
(QJHOPDQQ&5|VQHU$2ORZLQVN\$0DPXVFKNLQ90LNURVWUXNWXUHQ]XPODVHUJHVWW]WHQ)JHQYRQ.XQVWVWRIIXQG0HWDOO,Q
*URH6FKZHLWHFKQLVFKH7DJXQJ'96&RQJUHVV(VVHQ*HUPDQ\
(QJHOPDQQ&(FNVWlGW-2ORZLQVN\$$GHQ00DPXVFKNLQ9([DPLQDWLRQRIWKHERQGVWUHQJWKRIODVHUDVVLVWHGSODVWLFPHWDO
MRLQWVFRQVLGHULQJGLIIHUHQWORDGGLUHFWLRQV,Q3URFHHGLQJVRI/$03.LWDN\XVKX)XNXRND-DSDQ
+DEHQLFKW*$SSOLHG$GKHVLYH%RQGLQJ:LOH\
+HFNHUW$6LQJHU&=DHK0)3XOVHGODVHUVXUIDFHSUHWUHDWPHQWRIDOXPLQLXPWRMRLQDOXPLQLXPWKHUPRSODVWLFK\EULGSDUWV,Q
3URFHHGLQJVRI/L00XQLFK*HUPDQ\
+HQNHO*5DX-+HQNHO%7RSRJUDSKLHXQG0RUSKRORJLHIXQNWLRQDOHU(GHOVWDKOREHUIOlFKHQ([SHUW9HUODJ
.XUWRYLF$(LVHOHQ6$PHQG30HUWHQV70DLHU+-6FKPLGW0/DVHULQGX]LHUWH1DQRXQG0LNURVWUXNWXULHUXQJYRQ7LWDQ
XQG$OXPLQLXPOHJLHUXQJHQIUKRFKZHUWLJH.OHEHYHUELQGXQJHQ,Q7DJXQJVEDQG/()6HPLQDU60HLVHQEDFK9HUODJ
.XUWRYLF$/DVHULQGX]LHUWH1DQRVWUXNWXULHUXQJYRQ7LWDQREHUIOlFKHQIUGDVVWUXNWXUHOOH.OHEHQ(LQIOXVVDXIGLH2EHUIOlFKHQPRUSKR
ORJLH(UPGXQJVXQG$GKlVLRQVHLJHQVFKDIWHQ3K'WKHVLV8QLYHUVLW\RI3DGHUERUQ
/LX%:DQJ:-LDQJ*0HL;:DQJ.-)RUPDWLRQRISRURXVVWUXFWXUHZLWKVXEVSRWVL]HXQGHUWKHLUUDGLDWLRQRISLFRVHFRQG
ODVHUSXOVHV-RI1DQRPDW9RO$UWLFOH,'
(5RGUtJXH]9LGDO(5RGUtJXH]9LGDO(-/DPEDUUL-6RULDQR&6DQ]&9HUKDHJKH*$&RPELQHGH[SHULPHQWDODQG
QXPHULFDODSSURDFKWRWKHODVHUMRLQLQJRIK\EULGSRO\PHU±PHWDOSDUWV3K\VLFV3URFHGLD9ROSS
5|VQHU$/DVHUEDVLHUWHV)JHYHUIDKUHQ]XU+HUVWHOOXQJYRQ.XQVWVWRII0HWDOO+\EULGEDXWHLOH3K'WKHVLV)UDXQKRIHU,QVWLWXWHIRU
/DVHU7HFKQRORJ\,/7
